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General introduction 
 
Fluorene-based materials have received much attention, due to their attractive and advantageous 
properties such as rigid and planar structure, easy modification through synthetic methods, thermal and 
oxidative stability as well as high photoluminescence quantum yield.1 As one of promising materials, 
the π-conjugated system based on fluorene building blocks is of great importance in various 
applications, such as organic electronic and photonic devices, chemo- or bio-sensing, imaging, and 
supramolecular assembly.2 The optical and electronic properties of fluorene-based materials are highly 
dependent on both the chemical structures and supramolecular organization.  
 
In this thesis, we focused on molecular design strategies to achieve fluorene-based functional materials 
aiming at exploring unique photo-physical properties and control over supramolecular organizations of 
fluorene-based oligomers and polymers (Scheme 1). In chapter 1, we demonstrated that a fluorene-
derivative functionalized with bromo and formyl groups at 2,7-positions exhibiting phosphorescence 
emission in solution at room temperature; the RGB trichromophoric nanoparticle with white emission 
assisted by dual FRET was achieved in Chapter 2 and it was shown that highly sensitive fluorogenic 
response toward polyanions in a ratiometric manner associated with visible response and low detection 
limit; in Chapter 3, fluorenone derivatives exhibiting unique solvatochromic behavior driven by solvent 
dependent fluorescent channel switching were also discussed. 
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Scheme 1. Schematic illustration of fluorene-based π-conjugated system for photo- and electro-active materials. 
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Chapter 1. Phosphorescence from Pure Organic Fluorene Derivative in Solution at 
Room Temperature 
 
In chapter 1, one unique phenomenon was discovered and discussed that a pure organic fluorene derivative, 
7-bromo-9,9-didodecylfluorene-2-carbaldehyde (Br–FL–CHO), exhibited phosphorescence in both solution 
and film state at 298 K. In this molecular design, heavy atom effect is implemented by the directly-linked 
bromo and formyl substituents that may promote the intersystem crossing from the single excited state to 
the triplet excited state (Figure 1, molecular design).3 Furthermore, the rigidity of fluorene framework helps 
suppress non-radiative process. The characteristic emission bands at 358 nm (blue in emission color) and 
500 nm (green) were observed in degassed CHCl3 at 298 K (Figure 1a); the emission band at 500 nm 
completely quenched by dioxygen, whereas the emission band at 358 nm remained constant (Figure 1b). 
We confirmed that the emission at 500 nm has neither significant solvent- nor concentration-dependent 
characteristics. The lifetimes monitored at 358 nm and 500 nm were determined to be 1.05 ns and 355 µs, 
respectively (Figure 1c); these results revealed that the emission at 358 nm is attributed to fluorescence, 
whereas the emission at 500 nm was phosphorescence. The absolute phosphorescence quantum yield was 
5.9% at 298 K in degassed CHCl3 and enhanced up to 35% at 77 K in glass 2-methyl tetrahydrofuran. The 
TD–DFT calculations showed a good agreement with the observed experimental results  (Figure 1, 
proposed mechanism). This property makes this system versatile because it can be embedded into any 
polymer matrixes; as a result, phosphorescence in film state (PMMA matrix) was observed upon 
illumination of 254 nm and remained for several months even exposure to air (Figure 1d). This fascinating 
serendipity not only makes it an ideal complement to the reported crystalline-induced phosphorescence 
systems to furnish fundamental insight into the development of metal-free pure organic phosphors under 
ambient conditions, but also offers a great platform toward the development of practical optoelectronic 
devices and dioxygen-sensors based on purely organic phosphors under ambient conditions. 
 
Figure 1 (a) Photographic image of Br–FL–CHO upon 365 nm UV irradiation under Ar and air in CHCl3 at 298 K. (b) emission spectra of Br–FL–CHO 
under air and Ar in CHCl3 at 298 K. The excitation wavelength is 300 nm.  (c) Emission lifetime of Br–FL–CHO observed at 500 nm in CHCl3 at 298 K. 
(d) Fluorescence spectra of PMMA films of Br–FL–CHO (dash line just fabricated, red line: kept for several days). Inset: corresponding photographic 
image of PMMA films of Br–FL–CHO under UV irradiation.  
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Chapter 2. RGB Trichromophoric Oligofluorene-based Nanoparticle with Dual FRET: 
Highly Sensitive Fluorogenic Response toward Polyanions  
  
We designed the fluorene-based oligofluorene (OF), which was functionalized with 9,9’-dodecyl chains 
and N-methylaminomethyl end groups (Figure 2, molecular design). By reprecipitation method, the 
dodecyl-substituted OF typically affords nanoparticles through self-assembly and the N-
methylaminomethyl end groups would be protonated in aqueous medium (pKa ~ 10.7), leading to the 
nanoparticles (OFN) with positive charge on the surface.4 The intense blue emitting OFN can be utilized as 
a donor scaffold for fluorescence resonance energy transfer (FRET) studies.5 In chapter 2, we describe a 
facile strategy to fabricate red-green-blue (RGB) trichromophoric fluorescent OFN in aqueous medium 
where two distinct FRET events occur through spatial organization of a donor scaffold and two acceptor 
molecules (Figure 2, design concept). Consequently, the blue emitting cationic oligofluorene nanoparticle 
acted as an energy donor scaffold to undergo FRET to the red emitting dye embedded in the nanoparticle 
(interior FRET) and to the green emitting dye adsorbed on the surface through electrostatic interaction 
(exterior FRET). Each FRET event occurs independently and is free from sequential FRET, thus dual FRET 
(in combination of interior and exterior FRET) system was constructed, exhibiting multicolor emission 
including white in aqueous solution and film state (Figure 2a). We also demonstrate that the cationic 
trichromophoric nanoparticle acts as a highly sensitive ratiometric and colorimetric sensor toward 
polyanionic species. In particular, a white emissive nanoparticle, which has low background in terms of 
colorfulness, is beneficial for sensing anionic species, exhibiting the remarkable emission color changes in 
a ratiometric manner (Figure 2b). As a result, the characteristic white emissive nanoparticle showed 
perceived visible response upon perturbation of the exterior FRET efficiency by the acceptor displacement, 
leading to highly sensitive response toward various polyanions (Figure 2c). Specifically, our system 
exhibits high sensitivity toward heparin amoung other anionic analytes with extremely low detection limit 
(Figure 2d). 
 
Figure 2 (a) Fluorescence spectra of nanoparticle suspensions with various OF:DCM:PS molar ratios. (b) Fluorescence spectral changes of the white 
emissive nanoparticle upon addition of varying amounts of HEP in PBS buffer solution (pH = 7.2, λex = 355 nm); Inset: fluorescence images of the 
nanoparticle suspension before and after adding HEP under 365 nm UV-illumination. (c) Fluorescence intensity changes (I421nm/I487nm) of the nanoparticle 
suspension as a function of concentration of analytes in PBS buffer solution. (d) Detection limits for anionic analytes used herein. 
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Chapter 3. Multicolor Emissions from a Single Organic Molecule with Unusual 
Solvatochromic Behavior 
  
The indenofluorenedione building block with extension of π−conjugation lengths compared with 
fluorenone,6 has electron–accepting ability with rigid and planar aromatic configuration, the lowest excited 
n-π* and π-π* states of which are lying very close to each other in non-polar solvents, and the character of 
the lowest excited state becomes π-π* transition dominantly in polar solvents. In chapter 3, we describe the 
unusual solvatochromic behavior from new indenofluorenedione bearing D–A–D framework (IFO), which 
is based on indenofluorenedione core as an electron accepting unit, dialkyloxy phenyl groups as weak 
electron donating species (Figure 3, molecular design). Typically, a fluorescent band at 436 nm was 
observed in DMF attributable to the transition from locally excited state (LE), while two emission peaks at 
530 nm and 610 nm were observed in p-xylene (Figure 3a). We inferred that in non-polar solvents, the 
lowest excited state is n-π* forbidden transition. Consequently, excited deactivation pathway of IFO is 
actively switched onto the CT channels (including intra and inter molecular charge transfers), leading to the 
low-energy fluorescence with solvent-dependent characteristics (Figure 3, proposed energy diagram). 
Interestingly, the character of the lowest excited state of IFO changed to allowed π-π* transition in polar 
medium. In this case, the CT band was not as favorably active as in non-polar solvents probably due to 
electron donating ability of dialkyloxy phenyl groups.7 Instead, the LE with π-π* character played a major 
role in excited-state deactivation mechanism. The dual fluorescent channels namely the LE and CT states 
can be controllably switched on and off by changing solvent, resulting in environmental polarity sensitive 
multi-luminescence.8 This unusual solvatochromic behavior enables us to generate white emission in DMF 
with p-xylene binary solvent mixtures (Figure 3b). Furthermore, a single organic emitter, IFO, showed 
high sensitivity towards micro-environmental polarity even embedded in the polymer matrix (Figure 3c) 
and have visible discrimination of polar solvents from common organic solvents (Figure 3d). 
 
Figure 3 (a) Fluorescence spectra of IFO in various solvents. (b) White light emission of IFO in binary solvent system with DMF: p-xylene = 1:4. (c) 
Fluorescence spectra of IFO doped in PS (red line) and PSF (blue line) as host matrixes. (d) Fluorescence spectral change of IFO–doped PS film before 
(red line) and after exposure to acetonitrile (blue line). Insets: Inset: corresponding fluorescent images under UV-illumination. 
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Conclusion 
 
In this thesis, we have successfully designed, synthesized and characterized series of fluorene-based 
derivatives with multifunctionality: (1) phosphorescence emission from a fluorene-based small molecule 
functionalized by bromo and formyl groups in solution at room temperature; (2) RGB trichromophoric 
nanoparticle with white emission assisted by dual FRET: highly sensitive fluorogenic response toward 
polyanions in a ratiometric manner associated with visible response and low detection limit; (3) a single 
organic molecule exhibits unique solvatochromic behavior driven by solvent dependent state switching. I 
believe that our interesting findings discussed in this thesis would offer a series of unprecedented design 
principle to obtain schematic insight into the relationship between the structural modification and resulting 
properties of fluorene based π-conjugated system. 
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